Introduction
============

Ovarian cancer has the highest morbidity and mortality of all malignant diseases affecting the female reproductive system. Worldwide, \>140,200 fatalities occur due to ovarian cancer each year ([@b1-ol-0-0-10381]). Conventional treatments for ovarian cancer are cytoreductive surgery and platinum-based chemotherapy; however, the overall survival rate of patients with ovarian cancer has not greatly improved over the past 40 years ([@b2-ol-0-0-10381],[@b3-ol-0-0-10381]). Although first-line chemotherapy regimens, including platinum combined with paclitaxel, are effective in certain patients for first time treatment, 75% of patients relapse following treatment ([@b4-ol-0-0-10381]). At present, patient response to chemotherapy is difficult to predict and so it is important to identify an effective predictive biomarker for chemotherapeutic resistance ([@b5-ol-0-0-10381]).

In previous years, leptin has become a focus of research due to its association with cancer and obesity ([@b6-ol-0-0-10381],[@b7-ol-0-0-10381]). Leptin, also known as obesity hormone, is a hormone-like cytokine secreted by fat cells ([@b8-ol-0-0-10381],[@b9-ol-0-0-10381]). It serves a vital role in maintaining the dynamic balance between energy and weight by affecting appetite and energy consumption, which in turn directly modulates fat storage and metabolism ([@b10-ol-0-0-10381]). Furthermore, leptin promotes the proliferation of various cells and tissues and serves an important role in regulating energy metabolism, immune response, trauma repair and angiogenesis ([@b11-ol-0-0-10381],[@b12-ol-0-0-10381]). It has previously been reported that leptin is highly expressed in a number of tissues, including malignant esophageal tumors ([@b13-ol-0-0-10381]), pancreatic cancer ([@b14-ol-0-0-10381]) and rectal carcinoma ([@b15-ol-0-0-10381]), and is increased in the serum of women with various gynecological malignancies, including ovarian cancer ([@b16-ol-0-0-10381]). Leptin has been reported to be involved in regulating the diverse malignant phenotypes of ovarian cancer by participating in the hypothalamus pituitary gonadal axis and in multiple signaling pathways ([@b17-ol-0-0-10381],[@b18-ol-0-0-10381]); however, the mechanisms of chemoresistance in ovarian cancer remain to be elucidated.

In this study, the Kaplan-Meier (KM) Plotter database was analyzed and it was identified that the overall survival rate of patients with epithelial ovarian cancer treated with platinum plus paclitaxel/docetaxel chemotherapy was increased in the low leptin expression group compared with the high leptin expression group. In addition, the effect of leptin on the chemosensitivity of ovarian cancer cells was demonstrated and the underlying mechanism was investigated. In conclusion the results of the present study suggest that leptin may be used as a selection index or prognostic biomarker for chemoresistance in patients with ovarian cancer.

Materials and methods
=====================

### Drugs and protein

Chemotherapeutic drugs (Cisplatin, DDP; Paclitaxel, PTX; Docetaxel, TXT; Gemcitabine, GCB; Topotecan, TPT; all from AMQUAR) were dissolved in DMSO (Gibco; Thermo Fisher Scientific, Inc.) and stored at −80°C. Recombinant Human Leptin (Bio-Techne) was reconstituted at 1 mg/ml in sterile 20 mM Tris-HCl (pH 8.0) and stored at −80°C.

### Cell culture

Human epithelial ovarian cancer cell lines HO8910PM, OVCAR8, ES-2, SKOV-3 and IGROV-1 were obtained from the Cell Bank of the Chinese Academy of Sciences and OV-MZ-15 was stored in the State Key Laboratory of Oncogenes and Related Genes, Shanghai Cancer Institute. Cells cultured in RPMI-1640 medium (Beijing Solarbio Science & Technology Co., Ltd.) containing 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin-streptomycin (Gibco; Thermo Fisher Scientific, Inc.). All cells were incubated at 37°C in an atmosphere containing 5% CO~2~.

### Drug sensitivity test

Briefly, ovarian cancer cells were seeded at 1×10^4^ cells/ml in 96-well plates and cultured for 12 h in RPMI-1640 medium. Cells were subsequently incubated with Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Inc.) reagents for 1 h and the initial optical density (OD) value (day 0) was measured at 450 nm using the Infinite M1000 PRO (Tecan Group, Ltd.). Cells were then treated with increasing concentrations of the chemotherapeutic drugs DDP, PTX, TXT, GCB and TPT (AMQUAR) diluted in complete medium and were placed in the incubator for 48 h The OD value was measured again 48 h later (day 2). The OD values were used to draw an IC~50~ curve using the GraphPad Prism5 software (GraphPad Software, Inc.). In further experiments, differences in the IC~50~ curve were compared between the negative control group (pre-incubated with complete medium for 30 min) and the test group (pre-incubated with 40 nM exogenous leptin recombinant protein for 30 min).

### Flow cytometry

To assess the cell cycle, blank cells (termed WT) were seeded in 6-well plates until they reached 70% confluence and were divided into six groups; three negative control groups (NC-1, NC-2 and NC-3) and three test groups (TG-1, TG-2 and TG-3). After 12 h, cells in the NC and TG groups were treated as follows. First, 200 µl RPMI 1640 containing 10% FBS was added to two groups of cancer cells to serve as control groups and 200 µl 40 nM exogenous recombinant leptin protein to two other groups to give the test groups. After pre-incubation for 30 min, 1 ml training solution (RPMI-1640 medium containing 10% FBS) was added to the NC-1 (WT) group, 1 ml PTX was added to the NC-2 (WT + PTX) group and 1 ml TXT was added to the NC-3 (WT + TXT) group. Similarly, 1 ml of culture without leptin was added to the TG-1 (WT + leptin) group, 1 ml PTX was added to the TG-2 (WT + leptin + PTX) group and 1 ml TXT was added to the TG-3 (WT + leptin + TXT) group for 8 or 16 h. Following treatment, HO8910PM and OV-MZ-15 cells were harvested, fixed in ethanol for 2 min at room temperature, washed twice with PBS and stained with PI solution containing PI and RNAse for 30 min at room temperature in the dark, Cells were subsequently counted using a flow cytometer (BD FACSCalibur2; BD Biosciences) and analyzed using FlowJo_V10 software (Becton, Dickinson and Company).

### Chromatin immunoprecipitation (CH-IP)

The transcription factor CCAAT/enhancer-binding protein alpha (CEBPA) was predicted by ALGGEN-PROMO (<http://alggen.lsi.upc.es/>) and JASPAR (<http://jaspar.genereg.net>) websites. The 3,000 bp nucleic acid sequence of the leptin upstream promoter region was obtained from the UCSC database (<http://genome.ucsc.edu/>) and 10 pairs of primers were designed (Sangon Biotech Co., Ltd.) for the CH-IP experiment. WT cells were fixed with 4% formaldehyde for 10 min at room temperature and chromosomes were extracted using a CH-IP Assay kit (Thermo Fisher Scientific, Inc.). In the extracted liquid, immunoglobulin G (Abcam) was added to the NC groups, CEBPA-antibody (Abcam) was added to the TGs, and RNA polymerase II antibody (Thermo Fisher Scientific, Inc.) was added as the positive control group. Purified and enriched DNA- fragments were obtained following precipitation and cleaned of immune complexes. Ultimately, the DNA fragments of above cells were analyzed by polymerase chain reaction (PCR). The procedure used for PCR was as follows: Pre-denaturation at 95°C for 5 min, denaturation at 95°C for 30 sec, annealing at 60°C for 30 sec, extension at 72°C for 35 cycles, and extension at 72°C for 10 min.

### Luciferase reporter assay

A total of 4 luciferase plasmids (Promega Corporation), leptin primordial plasmid-1/2, leptin mutant plasmid-1/2 and a CEBPA overexpression plasmid without luciferase were constructed. At the beginning of the experiment, CEBPA-overexpressing plasmids were transfected into target cells using leptin primordial/mutant plasmids and a Roche X-tremeGENE HP DNA Transfection Reagent kit (Roche Diagnostics GmbH). At 48 h later, cells were stained using the Dual-Glo Luciferase Assay System (cat. no. E2920; Promega Corporation) and the fluorescence intensity was measured using SpectraMax M5 (Molecular Devices LLC). Firefly luciferase activity was normalized to Renilla luciferase activity.

### Gene set enrichment analysis (GSEA)

A total of 69 cases of EOC patients treated with PTX were selected from the U133A Chip dataset from the TCGA database and were divided into the high expression (23 cases) and low expression groups (23 cases) according to leptin expression. GSEA was performed using gsea-3.0, downloaded from the GSEA database (<http://software.broadinstitute.org/gsea/index.jsp>) with the built-in standard datasets.

### Other sources of data

The database NCBI (<https://www.ncbi.nlm.nih.gov/pubmed/>), GENE CARDS (<http://www.genecards.org>), CBioPortal (<http://www.cbioportal.org>) and Oncomine Main (<https://www.oncomine.org/resource/main.html>) were used for basic information acquisition. The Kaplan-Meier estimator (<http://kmplot.com/analysis/index.php?p=service&cancer=ovar>) was used to estimate survival. The website ALGGEN-PROMO (<http://alggen.lsi.upc.es>) and JASPAR (<http://jaspar.genereg.net>) were used to predict transcriptional factors. The database Gene Set Enrichment Analysis (GSEA; <http://software.broadinstitute.org/gsea/index.jsp>) was used to analysis the enrichment gene set.

### Statistical analysis

All experiments were repeated three times. Data are presented as the means ± standard deviation. Statistical analysis was performed using GraphPad PRISM (version 5.0; GraphPad Software, Inc.) Differences between groups were assessed using analysis of variance with the Dunnett\'s least significant difference post-hoc tests. α=0.05 and P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Leptin is associated with a poor prognosis in patients treated with platinum combined with PTX/TXT

Using the Kaplan-Meier method, the overall survival rate of 1,656 ovarian cancer patients treated using different chemotherapy regimens was analyzed, with the median leptin expression as the boundary. The results indicated that the overall survival rate was significantly decreased in the leptin high expression group (n=108) compared with the low expression group (n=112) in. (n=220; P=0.0089; [Fig. 1A](#f1-ol-0-0-10381){ref-type="fig"} and [Table I](#tI-ol-0-0-10381){ref-type="table"}). Similar results were observed in patients treated with platinum added TXT (n=108; P=0.0021; [Fig. 1B](#f1-ol-0-0-10381){ref-type="fig"}, [Table I](#tI-ol-0-0-10381){ref-type="table"}).

No significant differences in overall survival rate were observed between the high expression and low expression groups in patients who received platinum in chemotherapy combined with TPT or GCB (P=0.98; P=0.082; [Table I](#tI-ol-0-0-10381){ref-type="table"}).

### Leptin increases the chemoresistance of ovarian cancer cells to PTX/TXT

Primarily, the expression level of leptin was compared between six ovarian cancer cell lines (HO8910PM, OV-MZ-15, OVCAR8, ES-2, SKOV-3 and IGROV-1) using RT-qPCR. The results demonstrated that the expression of leptin was highest in the two cell lines HO8910PM and OV-MZ-15. In this study, to better simulate the situation *in vivo*, these two strains were selected for *in vitro* assays ([Fig. 1G](#f1-ol-0-0-10381){ref-type="fig"}). CCK-8 was used to analyze cell viability following treatment with five different chemotherapeutic drugs and to determine the determined IC~50~ values ([Table II](#tII-ol-0-0-10381){ref-type="table"}).

Cells were next treated with exogenous leptin for 30 min followed by DDP+PTX/TXT for 48 h. The data demonstrated that the survival rate of the two cell lines was significantly increased in the TG compared with the NC group (P\<0.05; [Fig. 1C, D, H and I](#f1-ol-0-0-10381){ref-type="fig"}). The results demonstrated that the addition of leptin reduced the chemosensitivity of ovarian cancer cells to DDP and PTX/TXT treatment, which is in agreement with the database analysis.

In order to further investigate which drug is directly influenced by leptin in combination chemotherapy, the cells were cultured for 48 h with DDP (TG1) or PTX/TXT alone (TG2 and TG-3) under the same condition used previously. The results revealed that there were no significant differences in cell activity in the TG1 groups (leptin + DDP) compared with NC-1 (P\>0.05, data not shown). On the contrary cell activity was significantly increased in TG2 (leptin + PTX) and TG3 (leptin + TXT) compared with NC-2 and NC-3, respectively (P\<0.05; [Fig. 1E, F, J and K](#f1-ol-0-0-10381){ref-type="fig"}). These results suggest that high leptin expression may contribute to the chemoresistance of ovarian cancer cells treated with PTX/TXT.

### Leptin reverses the inhibitory effect of PTX/TXT on the G2/M phase of ovarian cancer cells

To further investigate the effect of leptin on the reduction of PTX/TXT sensitivity in ovarian cancer cells, changes in the cell cycle were measured using a flow cytometer under several conditions. Compared with NC-1, the proportion of cells in the G2/M phase was increased significantly in the NC-2 group at 3, 6 and 18 h (P\<0.05, Δn \>10%; [Fig. 2](#f2-ol-0-0-10381){ref-type="fig"}). PTX and TXT were also demonstrated to block cell division of ovarian cancer cells in G2/M phase. No significant differences in cell cycle distribution were observed in the NC-1 and TG-1 groups, suggesting that leptin did not directly affect the cell cycle. As expected, the proportion of cells in G2/M phase was decreased in TG-2 cells compared with the NC-2 group. Similar results were also observed when comparing TG-3 and NC-3. In the present study, leptin clearly reversed the inhibitory effects of PTX/TXT on the G2/M phase proportion of ovarian cancer cells, which suggested that it may reduce the sensitivity of ovarian cancer cells to PDX/TXT treatment.

### CEBPA binds the upstream promoter region of leptin to initiate leptin transcription in ovarian cancer cells

To investigate the potential molecular mechanism of leptin in the development of epithelial ovarian cancer, potential leptin transcription factors were first investigated using the ALGGEN-PROMO and JASPAR websites. The results identified a number of possible transcription factors, including Jun Proto-Oncogene, Activating Transcription Factor 2, CCAAT/Enhancer Binding Protein β, Zinc Finger E-Box Binding Homeobox 1 and CEBPA. CEBPA, a transcription factor related to fat production, attracted the attention of the authors of the present study. To verify the database results, a 0--3,000 bp nucleic acid sequence was searched for in the leptin upstream promoter region using the gene promoter analysis database and 10 pairs of primers were designed for a CH-IP assay ([Table III](#tIII-ol-0-0-10381){ref-type="table"}). The CH-IP results demonstrated that there are at least two sites in the leptin promoter region to which CEBPA can bind (primer 1 and primer 9, the range from 301 bp to 655 bp and from 2,742 bp to 3,000 bp on ORF) ([Fig. 3A](#f3-ol-0-0-10381){ref-type="fig"}).

In the next experiment, CH-IP results were confirmed using a luciferase reporter gene assay. Luciferase activity was detected with or without a fixed-point mutation of leptin following transfecting the cells with a CEBPA-overexpressing plasmid (Mut1/Mut2; [Fig. 3B](#f3-ol-0-0-10381){ref-type="fig"}). Activity values were distinctly decreased in the mutant group compared with the wild-type group (HO8910PM-MUT1, P=0.000114696; HO8910PM-MUT2, P=2.646E-05; OV-MZ-15-MUT1, P=0.001271496; OV-MZ-15-MUT2, P=0.000403456; [Fig. 3C and D](#f3-ol-0-0-10381){ref-type="fig"}). This phenomenon suggests that CEBPA-overexpression specifically increased the expression of leptin at the DNA level. Therefore it was hypothesized that the transcriptional factor CEBPA positively regulates the expression of leptin.

### High leptin expression leads to significant enrichment of multiple hallmarks in cancer gene sets

To determine how leptin enhances the chemotherapeutic resistance of epithelial ovarian cancer to PTX/TXT, 309 cases from the TCGA database of patients with epithelial ovarian cancer and complete clinical data were sorted by leptin expression, and in-depth analyses of 69 patients undergoing platinum-combined PTX chemotherapy regimens was conducted. These patients were arranged by leptin expression, from high to low: The 33% of cases with the lowest expression were termed the low expression group and the highest 33% of cases were termed the high expression group (P\<0.001; [Fig. 4A](#f4-ol-0-0-10381){ref-type="fig"}). A heatmap revealed that when leptin expression is increased, 20 genes are downregulated and 35 are upregulated ([Fig. 4B](#f4-ol-0-0-10381){ref-type="fig"}). The following GSEA analysis demonstrated a clear enrichment in tumor marker genes and KEGG gene set in the high expression group ([Fig. 4C](#f4-ol-0-0-10381){ref-type="fig"}; [Table IV](#tIV-ol-0-0-10381){ref-type="table"}), including the hallmark Epithelial-to-Mesenchymal transition (EMT; [Fig. 4D](#f4-ol-0-0-10381){ref-type="fig"}), TNFα-signaling-, via NFκB ([Fig. 4E](#f4-ol-0-0-10381){ref-type="fig"}), Kras-signaling-up ([Fig. 4F](#f4-ol-0-0-10381){ref-type="fig"}), HALLMARK_HYPOXIA ([Fig. 4G](#f4-ol-0-0-10381){ref-type="fig"}), KEGG-ECM-RECEPTOR-INTERACTION ([Fig. 4H](#f4-ol-0-0-10381){ref-type="fig"}) and HALLMARK- IL6-JAK-STAT3-SIGNALING ([Fig. 4I](#f4-ol-0-0-10381){ref-type="fig"}). Among these, the highest scoring gene set was EMT, which serves an important role in phenotypic change during normal cell canceration and leads to chemotherapy resistance in cancer cells.

Discussion
==========

Drug resistance has been persistent in the treatment of human diseases for a number of years and is primarily responsible for antineoplastic drugs failing to kill tumor cells during cancer treatment ([@b19-ol-0-0-10381]). Ovarian cancer has one of the highest mortality rates among malignancies due to its typically late diagnosis, high recurrence rate and chemotherapeutic resistance ([@b20-ol-0-0-10381]). Therefore, chemosensitivity and drug resistance analyses are essential for selecting appropriate chemotherapeutic regimens and in survival assessments for patients with epithelial ovarian cancer ([@b21-ol-0-0-10381]).

There are multiple reasons why chemotherapeutic resistance in ovarian cancer is not yet well understood, as well as chemoresistance: i) The existence of multidrug resistance efflux pumps that accelerate drug metabolism ([@b22-ol-0-0-10381]); ii) changes in cell surface receptors/carriers that result in decreased drug influx ([@b23-ol-0-0-10381]); iii) drug-mediated DNA repair that enhances the antagonism of most chemotherapeutic drugs ([@b24-ol-0-0-10381]); and iv) lipid metabolism-related genes that are involved in the EMT of cancer cells and mediate a reduction in drug sensitivity ([@b25-ol-0-0-10381]).

Cuello *et al* ([@b26-ol-0-0-10381]) analyzed 83 consensus driver genes and 143 lipid metabolism-associated genes in 681 patients with high-grade serous ovarian cancer, obtained from the ICGC database, using gene chip and reverse protein chip clustering analyses. This study demonstrated that certain genes associated with obesity and lipid metabolism disorder may have significant effects on the prognosis of patients with ovarian cancer. It was also reported that at the same clinical stage of ovarian cancer, compared with non-obese patients, the clinical prognosis of obese patients is considerably poorer.

Leptin is a secretory protein that is synthesized mainly in white adipocytes. In addition to controlling the energy metabolism and weight balance of an organism, leptin has multiple endocrine functions and participates not only in the regulation of immune and inflammatory responses, hematopoiesis, angiogenesis, reproduction, bone formation and wound healing, but also in cancer development through regulating diverse malignant phenotypes in cancer cells ([@b10-ol-0-0-10381]--[@b16-ol-0-0-10381]). Previous studies have reported that the high expression of leptin and its receptor impacts the proliferation, migration and invasion of ovarian cancer cells by activating the JAK/STAT, MAPK, PI3K/AKT and RhoA/ROCK signaling pathways ([@b27-ol-0-0-10381],[@b28-ol-0-0-10381]).

Based on the KM Plotter database, it was confirmed that the overall survival rate of patients with high leptin expression was decreased compared with patients with low leptin expression, following treatment with platinum plus PTX/TXT. These results are consistent with previous reports by Cuello *et al* ([@b26-ol-0-0-10381]). However, similar results were not recorded for cases of DDP combined with GCB or TPT, for which the present study hypothesized that other mechanisms underlie the activity of chemotherapeutics.

DDP is known to directly damage DNA structure and affect its function. GCB is a cell cycle-specific drug that acts primarily in the S phase and prevents cells entering the S phase from G1. Additionally, TPT can hinder the re-linking of single strands of broken DNA and cause damage to double-stranded DNA. However, the mechanism by which PTX/TXT kills tumor cells relies on block cell division in the G2/M phase through the inhibition of microtubule depolymerization. CCK-8 assays demonstrated that the addition of an exogenous recombinant leptin protein decreased the cytotoxicity of PTX/TXT towards ovarian cancer cells. Furthermore, flow cytometry demonstrated that the addition of leptin to cells treated with PTX/TXT significantly reduced the proportion in the G2/M phase. Therefore, it was hypothesized that high levels of leptin may reduce the sensitivity of ovarian cancer cells to PTX/TXT treatment via blocking the effect exerted by PTX/TXT on microtubules. Leptin expression levels may be a good predictor of chemoresistance when guiding treatment and/or evaluating prognosis in patients with ovarian cancer receiving platinum plus PTX/TXT chemotherapy.

The mechanism of chemotherapeutic resistance in ovarian cancer is very complex. To investigate potential mechanisms by which high leptin expression reduces ovarian cancer cell sensitivity to PTX/TXT treatment, 69 cases were identified in which patients with ovarian cancer underwent PTX chemotherapy and analyzed leptin mRNA expression data using GSEA analysis. It was demonstrated that 26 gene sets were significantly enriched in the high leptin expression group. Among the enriched sets, the highest scoring was the EMT gene set. EMT is a biological process in which polarized epithelial cells transform into mesenchymal cells. This process is not only common in cancer initiating cells, which enhances their invasive and migratory abilities, but is also closely associated multiple drug resistance in human tumors ([@b29-ol-0-0-10381]--[@b31-ol-0-0-10381]). Therefore, it was hypothesized that high leptin expression may also lead to PTX resistance through the activation of EMT in ovarian cancer cells. The authors are interested in investigating their correlations and the underlying mechanisms in their future work.

In addition, using the ALGGEN and JASPAR websites, it was predicted that CEBPA may be a transcription factor for leptin. CHIP and luciferase reporter assays confirmed that CEBPA can bind the upstream promoter region of leptin to initiate gene transcription. CEBPA is a CCAAT protein binding enhancer that acts as a transcription factor and regulates the expression of genes associated with the tumor cell cycle and homeostasis. It was previously reported that CEBPA may be a lipid-generating gene and that its expression increases synchronously with that of leptin patients with ovarian cancer, therefore impacting on their prognosis ([@b32-ol-0-0-10381],[@b33-ol-0-0-10381]).

In conclusion, the present study demonstrated that the transcription factor CEBPA activates leptin gene transcription by binding to its upstream promoter region. High levels of leptin may reduce the cytotoxic effect of PTX/TXT in ovarian cancer cells by activating EMT. Therefore, leptin has potential as a chemotherapeutic resistance predictor and/or as a novel therapeutic target in patients with epithelial ovarian cancer undergoing platinum plus PTX/TXT chemotherapy.
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![Leptin reduces the chemosensitivity of ovarian cancer cells to PTX/TXT. The prognosis of patients with epithelial ovarian cancer receiving (A) PTX (P=0.008) or (B) TXT (P=0.0021) chemotherapy was analyzed based on leptin RNA expression level. CCK-8 assay was performed to assess the cell viability of HO8910PM cells treated with DDP combined with (C) PTX/ (D) TXT with or without leptin. CCK-8 assay was performed to assess the HO8910PM cell survival percentage treated with (E) PTX/ (F) TXT with or without leptin. (G) The expression of leptin was highest in the HO8910PM and OV-MZ-15 cell lines. CCK-8 assay was performed to assess the cell viability of OV-MZ-15 cells treated with DDP combined with (H) PTX/ (I) TXT with or without leptin. CCK-8 assay was performed to assess the cell viability of OV-MZ-15 cells treated with (J) PTX/ (K) TXT with or without leptin. Data are presented as the means ± standard deviation. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001.](ol-18-01-0561-g00){#f1-ol-0-0-10381}

![Effects of leptin on the cell cycle distribution of ovarian cancer cells following PTX/TXT treatment. Flow cytometry at (A) 8 and (B) 16 h was used to assess the effect of PTX on the cell cycle distribution of ovarian cancer cells in the presence of leptin. Flow cytometry at (C) 8 and (D) 16 h was used to assess the effect of TXT on the cell cycle distribution of ovarian cancer cells in the presence of leptin. \*P\<0.05, \*\*P\<0.01.](ol-18-01-0561-g01){#f2-ol-0-0-10381}

![CEBPA initiates the transcription of leptin in ovarian cancer cells. (A) A chromatin immunoprecipitation-polymerase chain reaction assay was performed for HO8910PM and OV-MZ-15 cells. Total DNA (Input), IgG and CEBPA immunoprecipitated DNA were amplified using a series of primers covering the 3,000 bp sequence upstream of the leptin transcription start site. Primer 1 and 9 flanking sequences can be immunoprecipitated with CEBPA. (B) Site directed mutagenesis of the upstream loci of leptin. Leptin vector, leptin-WT or mutant plasmids leptin-MUT1 and 2 were transfected into CEBPA overexpression or control (C) HO8910PM and (D) OV-MZ-15 cells. The pRLTK *Renilla* luciferase expression plasmid was co-transfected as the internal control. Luciferase activities were normalized to *Renilla* activities. MUT, mutant; WT, wild-type; CEBPA, CCAAT/enhancer-binding protein α; IgG, immunoglobulin G. \*\*P\<0.01, \*\*\*P\<0.001.](ol-18-01-0561-g02){#f3-ol-0-0-10381}

![High leptin expression is correlated with a significant enrichment of multiple hallmark of cancer gene sets. (A) A total of 46 patients with ovarian cancer treated with PTX were assessed and divided into two groups according to leptin expression. \*\*\*P\<0.001. (B) A heatmap of differentially expressed genes between groups associated with low leptin expression one and two was constructed group 1, leptin low expression; group 2, leptin high expression; 'red' means upregulation and 'green' means downregulation). (C) Results from the gene set enrichment analysis revealed the leptin-associated enrichment gene sets with the highest NES value. (D-I) The test leptin-associated enrichment gene sets were closely associated with tumor progression and chemoresistance and included the following hallmark: (D) HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION; (E) HALLMARK_TNFA_SIGNALING_VIA_NFKB; (F) HALLMARK_KRAS_SIGNALING_UP; (G) HALLMARK_HYPOXIA; (H) KEGG_ECM_RECEPTOR_INTERACTION; and (I) HALLMARK_IL6_JAK_STAT3_SIGNALING NES, Normalized Enrichment Score.](ol-18-01-0561-g03){#f4-ol-0-0-10381}

###### 

The effect of leptin in epithelial ovarian cancer overall survival rate under different chemotherapy regimens.

  Drugs         N       High expression of leptin   Low expression of leptin   Log rank P
  ------------- ------- --------------------------- -------------------------- ------------
  Paclitaxel      220   108                         112                        0.0089
  Docetaxel       108     52                          56                       0.0021
  Topotecan       119     56                          63                       0.98
  Gemcitabine     135     66                          69                       0.082
  Platin        1,409   711                         698                        0.58

###### 

The IC~50~ values and corresponding concentrations of commonly used chemotherapeutic agents in ovarian cancer cells.

                HO8910PM                        OV-MZ-15                                               
  ------------- ------------------------------- ---------- ---- ------------------------------ ------- ----
  Paclitaxel    0.001, 0.01, 0.1, 1, 10, 100      6.963    nM   0.01, 0.1, 1, 10, 100, 500     2.315   nM
  Docetaxel     0.04, 0.2, 1, 4, 20, 100          2.569    nM   0.5, 1, 5, 10, 50, 100         3.001   nM
  Cisplatin     0.4, 2, 10, 100, 500, 1000      82.66      uM   1, 10, 100, 1000, 2000, 5000   23.02   uM
  Gemcitabine   1, 2, 4, 10, 20, 40             12.882     nM   20, 50, 100, 500, 1000, 2000   151.2   nM
  Topotecan     0.01, 0.1, 5, 100, 1000, 2000   20.62      uM   10, 20, 200, 800, 3200, 6400   174.0   nM

###### 

Additional: Primer sequences in for chromatin immunoprecipitation.

  Primers     Sequences
  ----------- -------------------------------------------------
  Primer 1    
    Forward   CTATTTGCTGCCTTGAATTATTCCTCCTC TCC
    Reverse   ATCAACTGCAGGGCAGGGA
  Primer 2    
    Forward   TCCATCAACCTCAGGAACCGAGCTCC
    Reverse   TTCCCAATATCTTGTCTTCCGTTCTTCCC CAGTC
  Primer 3    
    Forward   GACTTGGAGTTTTCTATGACTGGGGAAG AACGGA
    Reverse   ACAAGCCCCCTCTATCACCACTGATAAT ATGCTTCAG
  Primer 4    
    Forward   ATTTCCAGCATCCACTGAAGCATATTATC AGTG
    Reverse   CTCTATTAGCTACTTGTTACCTGAATAAT ACACCAAATGTTTGTGC
  Primer 5    
    Forward   CTGTTGCACAAACATTTGGTGTATTATTC AGGTAACAAG
    Reverse   GAATAGGAGTCAACTTGCCCAAAGTCA AACAG
  Primer 6    
    Forward   TCCTGACTCTGTCATGGACCTGTTTG
    Reverse   CAATGATCCATGCTAAGTATATGTGCATG AGCC
  Primer 7    
    Forward   TGCCATCTCCAGAACCGTCA
    Reverse   GGGCTCCCTGGAAGAAGTGT
  Primer 8    
    Forward   TGTTATGCTCTCTCCCGCCA
    Reverse   GGGCCTTTACCACTTGCTTCC
  Primer 9    
    Forward   TGCTAGTGGGATTCAGGCTCC
    Reverse   CTGTGAGGCCAGGGTGTGA
  Primer 10   
    Forward   TGTCCATTTGATCACACCCTGGC
    Reverse   TTTCCTTCCCAGGATGGGCTTCTT

###### 

Enrichment gene sets in the high leptin expression group.

  Gene set                                      NES     q-value   P-value
  --------------------------------------------- ------- --------- ---------
  HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION    2.950   0         0
  KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS             2.355   0         0
  HALLMARK_TNFA_SIGNALING_VIA_NFKB              2.327   0         0
  KEGG_MELANOMA                                 2.158   0         0
  HALLMARK_INFLAMMATORY_RESPONSE                2.118   0         0
  HALLMARK_KRAS_SIGNALING_UP                    2.114   0         0
  HALLMARK_HYPOXIA                              2.067   0         0
  KEGG_ECM_RECEPTOR_INTERACTION                 2.064   0.002     0.003
  HALLMARK_IL6_JAK_STAT3_SIGNALING              2.022   0         0
  HALLMARK_ALLOGRAFT_REJECTION                  1.998   0         0
  HALLMARK_IL2_STAT5_SIGNALING                  1.921   0.000     0.001
  KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION   1.913   0.013     0.031
  HALLMARK_PANCREAS_β\_CELLS                    1.904   0.000     0.004
  KEGG_REGULATION_OF_ACTIN_CYTOSKELETON         1.896   0.014     0.042
  HALLMARK_APICAL_JUNCTION                      1.896   0.001     0.005
  HALLMARK_ANGIOGENESIS                         1.858   0.001     0.006
  HALLMARK_CHOLESTEROL_HOMEOSTASIS              1.828   0.001     0.007
  HALLMARK_MYOGENESIS                           1.823   0.001     0.007
  HALLMARK_ADIPOGENESIS                         1.754   0.001     0.012
  HALLMARK_GLYCOLYSIS                           1.753   0.001     0.012
  HALLMARK_MTORC1_SIGNALING                     1.751   0.001     0.012
  HALLMARK_TGF_β\_SIGNALING                     1.742   0.002     0.015
  HALLMARK_UV_RESPONSE_DN                       1.716   0.002     0.022
  HALLMARK_P53_PATHWAY                          1.664   0.004     0.038
  HALLMARK_XENOBIOTIC_METABOLISM                1.628   0.004     0.047
  HALLMARK_APOPTOSIS                            1.624   0.004     0.047
